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SUMMARY 


The results of an experimental investigation of several small viscous 
dampers are presented. The tests were made by means of a mechanical 
damper- test device, which facilitates testing of small dampers over a 
range of frequencies and amplitudes. The characteristics of the dampers 
are presented in the form of the magnitudes of the damping forces and 
spring forces as a function of the maximum velocity of the piston. Com- 
parisons are made with data obtained from measurements of damping force 
by a beam damper-test device. 

The damping characteristics of the dampers tested exhibited three 
general trends: (a) the damping force increased approximately linearly 

as the maximum piston velocity increased, (b) the damping force varied 
approximately as the square of the maximum piston velocity, and (c) the 
damping force varied approximately as the square root of the max imum 
piston velocity. The damping force and spring force measured for most 
dampers were found to be dependent on the maximum piston velocity and 
independent of frequency and amplitude other than for determining the 
piston velocity. 


The test results showed, as expected, that temperature has a large 
effect on the force produced by the dampers and demonstrated the neces- 
sity for consideration of the heat generated and dissipated as a result 
of the work done by the damping force. 


INTRODUCTION 


The widespread use of dynamically scaled models for aeroelastic, 
dynamic, and aerodynamic studies has accentuated the need for informa- 
tion concerning the characteristics of various types of small dampers. 
Use of dampers on dynamic models is generally necessary either to simu- 
late full-scale characteristics or to provide means of controlling the 
response of the model to applied forces or self-excited instabilities. 
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Familiar examples of damper installations are: drag- hinge dampers on 

rotor blades to control ground resonance, control- sur face dampers on 
flaps, ailerons, and similar installations for flutter alleviation, and 
dampers for more general applications for shock relief. The lack of suf- 
ficient experimental data to aid in the selection of appropriate dampers 
for dynamic models that will provide the desired energy dissipation 
throughout the required operation range, yet will satisfy requirements 
for light weight, compactness, and reliability, is apparent. With the 
exception of reference 1, which presents results of an experimental and 
theoretical investigation of a small rotary shear damper, most of the 
available literature deals with large dampers not directly suitable for 
dynamic model applications. 

In order to provide some information on dampers suitable for use on 
dynamic models, an investigation was made to determine the character- 
istics under different operating conditions of several types of small 
dampers which appeared promising. In recognition of the influence of 
fluid temperature and shear rate on the effective viscosity of prospective 
damper fluids, an attempt was made to investigate these effects on the 
characteristic behavior of the dampers. 

A mechanical damper-test device was constructed to permit the fre- 
quency and amplitude to be varied conveniently over a wide range, and 
thus to obtain a variation in damper velocity either by variation of 
amplitude or frequency of damper motions. This device allows the total 
output force from the damper to be resolved into its damping and spring 
components and also permits the total force to be observed as a function 
of time. 

The results of the damper studies together with a description of 
the damper-test devices are presented. A comparison of some simplified 
calculations with measured damping forces is also made. 


SIMBOIS 


a 


decay coefficient, per sec 


A 


shear area, sq in. 


c 


clearance between piston and cylinder, in. 


carrier voltage, volts 


F 


total force, lb 


NACA TN 4257 


3 


F a 

damping force, lb 

F s 

spring force, lb 

Sb 

damping coefficient of beam 

i 

length of piston, in. 

k , k ± , k 2 , k 3 

constants of calibration used for mechanical damper-test 
device 

m b 

mass of beam, slugs 

“d 

mass of damper, slugs 

“t 

mass added to tip of beam, slugs 

n 

number of cycles 


pressure change across piston, lb/sq in. 

h = - 

2 


r 

radius of piston, in. 

t,T 

time, sec 

V 

velocity of fluid, in. /sec 

V P 

velocity of piston, in. /sec 

V 

total volume of fluid, cu in. 

v d 

total volume of fluid displaced, cu in. 

X 

amplitude of oscillation, in. 

x n 

amplitude of nth oscillation, in. 

y 

increment from center line of clearance, in. 

n 

absolute viscosity, lb-sec/sq in. 

0) 

circular frequency, radians/sec 
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natural frequency of beam, radians/sec 

natural frequency of beam with damper attached, 
radians/sec 

o) c carrier frequency, radians/sec 


DAMPER CONFIGURATIONS AND TEST APPARATUS 


Description of Dampers 

The damper configurations used in this investigation included six 
fluid-displacement dampers and four viscous-shear dampers. Schematic 
diagrams of the fluid-displacement dampers are shown in figure 1 and of 
the viscous-shear dampers, in figure 2. Fluids used in the dampers were 
commercially available petroleum oils with viscosities specified in 
Saybolt Universal seconds and silicone fluids with viscosities speci- 
fied in centistokes. (For information on viscosity conversion, see 
ref. 2.) 

Fluid-displacement s ingle- chamber damper . - The dampers shewn in 
figures 1(a), (b), and (c) consist of a piston moving through fluid con- 
tained within a cylinder. The dampers designated A-l and A-2 were 
designed as aileron- flutter dampers, and seals between the piston shaft 
and the damper cylinder were omitted to minimize friction damping. An 
external pressurized oil source is utilized to replenish the fluid leak- 
age past this clearance. Damper A-2 differs from damper A-l in that the 
length of the piston is reduced, as shown in figure l(b), to investigate 
the effect of physical modification of the piston. 

Another single -chamber damper tested is damper B (fig. l(c)), which 
is one of three drag dampers designed for a dynamic helicopter-rotor model. 
The piston of the damper contains two grooves running the length of the 
piston which can be altered to vary the damping force. The oil supply 
for this damper is maintained by gravity feed or centrifugal-pumping 
effects when installed on the rotor. 

Fluid-displacement double- chamber damper .- The double -chamber 
dampers C and D shown in figures 1(d) and 1(e) permit a major portion 
of the fluid to bypass the piston by flowing through a secondary chamber. 
Since these dampers do not utilize seals between the piston shaft and the 
cylinder heads, an external pressurized oil source is necessary to elimi- 
nate the formation of air pockets within the damper. Damper D is a refine- 
ment of damper C in that the area of the slot between the chambers may 
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be varied. The area of the slot is adjusted by means of a worm screw 
which rotates the crescent-shaped liner of the secondary chamber. 

Fluid-displacement bypass -tube damper .- Damper E, shown in fig- 
ure 1 (f), employs a bypass tube which contains a valve to restrict the 
flow of fluid through the tube. This damper employs "o" ring seals 
between the piston rod and damper body but, because of a small amount 
of leakage at the valve, an external pressurized oil source is used. 
Variation of the damping force is obtained by using the valve to restrict 
the flow and also by placing rods of 1-inch length and of various diame- 
ters in the part of the bypass tube parallel to the piston rod to reduce 
the cross-sectional area of the tube. 

Viscous-shear neoprene-tube damper .- The viscous-shear neoprene-tube 
dampers are simple, lightweight dampers, which are easy to fabricate. 

This type of damper was specifically designed as a drag damper for a 
dynamic model helicopter rotor. Damper F, shown in figure 2 (a), consists 
of a rod sliding through a section of neoprene tubing with silicone fluid 
used as the shearing fluid. The neoprene tubing is cemented to a section 
of steel tubing which is used in mounting the damper. Tests of damper F 
included variations in diameter of the damper rod of O.I78 and 0.180 inch. 
The neoprene tubing used was a standard commercially available tubing with 
nominal inside diameter of O.I875 inch and a nominal outside diameter of 
0.3125 inch. 

A modification of damper F is damper G, which was designed to allow 
mechanical variation of the damping force. This damper, shown in fig- 
ure 2 (b), has the neoprene tubing moving with the piston rod, which slides 
through the brass sleeve. The force output of the damper is increased by 
placing rings to compress the length of the neoprene piston, which thus 
increases the piston diameter. 

A further modification of damper F is damper H shown in figure 2(c). 
In order to provide a supply of fluid for extensive operation, two sec- 
tions of neoprene tubing are cemented at some distance apart inside a 
length of metal tubing to form a chamber for the fluid. 

Vis cous -shear metal damper .- Shown in figure 2(d) is a vis cous- shear 
damper fabricated from aluminum. Unlike the neoprene-tube dampers, the 
clearance between the piston rod and cylinder of the all-metal damper 
can readily be determined. A high- vis cos ity (70,000 centistokes) silicone 
fluid was used as the shearing fluid in this damper. 


Test Devices 

The general characteristics of the dampers were obtained by means of 
a mechanical damper-test device designed and constructed for such 
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investigations. Some tests were also made by attaching dampers to the 
end of simple cantilever beams in order to obtain a comparison of the 
results by the two methods. The details of the two test devices are 
presented in the following sections. 

Mechanical damper-test device .- The mechanical damper-test device 
shown in figures 5 and 4 affords a means of conveniently varying the 
frequency and amplitude of the reciprocating motion applied to the damper. 
The test device is driven at rotational speeds of from 100 to 5,000 rpm 
by a water-cooled electric motor possessing a relatively large inertia 
and large power capacity to insure that a constant frequency is maintained 
whenever a load is suddenly applied to the system. The rotational motion 
of the electric motor is converted to a reciprocating motion (see fig. 4) 
by use of an eccentric drive and a slide block contained within the ampli- 
tude arm. The amplitude arm moves in an arc with the center of motion 
located on the track of the amplitude arm. The connecting rod is attached 
to the amplitude arm and drive rod by pin joints. This connection results 
in a reciprocating motion of the drive rod. Variation of the amplitude of 
the displacement of the damper is effected by the movement of the amplitude 
arm through an azimuth of 90°, and this motion in turn positions the slide 
block. When the amplitude arm is in the vertical position, the amplitude 
of the motion imparted to the damper is that of the eccentric, but when 
this arm is in the horizontal position the slide block moves within the 
amplitude arm, and very little motion of the damper results. Intermediate 
positions of the amplitude arm provide an addit ional selection of the 
amplitude of motion without necessitating a change of eccentrics. Eccen- 
tricities of ±l/8 inch, ±l/4 inch, and ±3/8 inch were used for the tests. 

In order to insure that the motion of the damper very closely follows 
that of a sine wave for small displacements, it is necessary to minimize 
al i clearances of the bearings, slide block, and pin joints. A journal 
bearing is used between the eccentric and the slide block. Because of 
these small clearances, an air -mist lubrication system utilizing an 
extreme -pres sure lubricant is used on the slide block and eccentric 
bearing. 

The damper piston rod is attached to the drive system by means of 
pin joints to insure that no side loads can be transmitted to the damper 
piston. The body of the damper is fixed to the load cell, which is used 
to measure the forces transmitted by the damper. The load cell had a 
natural frequency of approximately 1,500 cps and a deflection at maximum 
load of 0.0015 inch. This high spring rate, in conjunction with the small 
inertia of the damper body, resulted in negligible magnification of the 
damper force put out by the load cell. 

A detailed discussion of the instrumentation used to separate the 
forces transmitted by the damper into components in phase and out of 
phase with the displacement is presented in appendix A. 
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Beam damper-test device .- The device used to obtain the character- 
istics of a damper by use of a deflected beam is shown in figure 5* The 
damper piston is attached to the tip of a cantilever beam by means of a 
pin- joint arrangement, and the damper cylinder is attached to the load 
cell. The beam is. then deflected initially to the desired amplitude and 
suddenly released, so that a logarithmic oscillation is produced. A 
strain gage mounted at the root of the beam was calibrated to measure 
the static deflection at the beam tip. The desired beam frequencies were 
established by attaching appropriate additional masses to the tip. Inas- 
much as the piston displacement is measured by using the beam-displacement 
strain gage, it is of utmost importance that freedom in the pin joint be 
held to a minimum and that the root of the cantilever beam be rigid in 
order to assure that the beam and piston displacements are identical. In 
this investigation, a differential transformer was placed at the tip of 
the beam to measure the actual beam tip deflection during the tests. The 
tip deflections obtained from the strain gages mounted at the beam root 
compared very well with the results obtained from the differential trans- 
former mounted at the beam tip. 

The beam damper-test device gives the characteristics of the damper 
by means of the logarithmic decrement of the decay of the oscillation as 
indicated by strain gages mounted on the beam, while at the same time the 
total force output of the damper is being measured by the load cell. 


METHOD OF TESTS 


Method Used With Mechanical Damper-Test Device 

In tests of the dampers by means of the mechanical damper-test 
device, the amplitude arm is initially maintained in the horizontal posi- 
tion until the desired frequency is obtained. Once the desired frequency 
is reached, the amplitude arm is quickly placed at the desired displacement 
setting. This procedure is used to avoid premature heating of the damper 
and also to permit time-history studies of the damper characteristics at 
a given frequency. Because of initial fluctuations of the averaging 
meter, approximately 10 seconds elapsed before each of the two force 
values could be read. If heating of the damper was excessive, the damper 
was cooled to the initial temperature before being tested at another 
frequency or amplitude. Each damper was tested at several frequencies 
and amplitudes. 

For specific tests designed to determine the effects of temperature 
on the variation of the force output of the damper, elimination of the 
usual instrumentation was necessary because of the time interval required 
before the force could be read. The force output of the damper, measured 
by the load cell, was then recorded directly on an oscillograph and the 
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temperature of the damper, as indicated by a thermocouple mounted on the 
outside of the cylinder, was read at the same time interval. Inasmuch 
as the resolver circuit was not included in recording the load-cell sig- 
nal, separation of the damping and spring forces was not possible. 


Method Used With Beam Test Apparatus 


In tests with the damper attached to the tip of a cantilever beam, 
the beam is initially deflected to the desired amplitude and suddenly 
released, so that a decaying oscillation is produced. The decrement of 
the beam oscillation measured by the beam strain gage and the response 
of the load cell are recorded simultaneously on oscillograph records. 


The damping force is then obtained from the logarithmic decrement 
of the decay of the oscillation by a method similar to that described 
in reference 5 and is given by 


F 


d 


-280^ 1% + m,. 



Sb^ 




where 


(i) 


a 


0). 


d 

2rtn 


log^ — 
e x n 


( 2 ) 


The results obtained by the beam damper-test device were also used 
as a check on the calibration of the mechanical damper-test device. 

This check was accomplished by measuring the damping force of a damper 
similar to damper A-2 having a very low spring force with the mechanical 
damper-test device and comparing these values with those obtained by 
measurements of the same damper with the beam damper-test device. This 
comparison, shown in figure 6, indicates good agreement between the 
results obtained by the two methods. 


RESULTS AND DISCUSSION 


The characteristic measured force-velocity curves of the dampers 
studied are first discussed. The effects of changing the force charac- 
teristics of some of the dampers by varying their fluid properties or 
geometry are then experimentally evaluated. Particular attention is 
given to the significant effects of temperature exhibited by the dampers 
investigated. Finally, the measured force results are compared with 
some simple calculations for both fluid-displacement and viscous-shear 
dampers . 


NACA TN 4257 


9 


General Characteristics 

The characteristic curves for each damper were derived by measuring 
the maximum damping and spring forces developed during the cycle for 
several frequencies and amplitudes with the mechanical damper-test device. 
These data are presented in figures 7 to 19 as curves of force plotted 
against the maximum velocity of the piston during a cycle. 

The damping-force data exhibited three general trends which are 
illustrated by the data of figures 7 , 8, and 9- The first of these 
trends is shown in figure 7* where results for damper A-2 show that the 
damping force varies approximately linearly with the velocity. Further- 
more, the data were measured at various frequencies and amplitudes. The 
results for this damper and all other dampers tested, with one exception 
to be discussed separately, indicate that the force is dependent upon 
only the velocity of the piston, within the range of these tests. This 
type of damper thus provides a damping coefficient (force divided by 
velocity) that is constant throughout the range of velocities. This 
linear trend of damping force is also exhibited by dampers having widely 
different physical arrangements as illustrated by the data for dampers B 
and E in figures 10 and l6. 

The second trend is shown in figure 8 for damper C, and little 
damping is found to be provided at low maximum piston velocities, but as 
the piston velocity increases, the damping force increases approximately 
as the square of the piston velocity. 

The third trend is illustrated by the data in figure 9 Tor dam- 
per A-l, which shows that the damping force varies approximately as the 
square root of the piston velocity. This last trend is also exhibited 
by dampers P-1, F-2, G, H, and J. (See figs. 11, 12, 15, 14, and 19*) 


Variation of Damping Force 

During tests to measure the force -velocity relationship of the 
dampers, the opportunity was taken to evaluate the amount of variation 
of the damping force obtainable by some alteration of the damper physical 
properties. These later alterations pertained to such parameters as 
fluid viscosity, piston shape, clearance, and fluid valving. These 
results are considered of practical significance with regard to specific 
applications in dynamic model work. 

Fluid properties .- Each fluid-displacement damper with an external 
pressurized oil source was tested with an oil having a viscosity of 
500 Saybolt Universal seconds at 100° F. Variation of the pressure 
between 10 and 60 pounds per square inch had little effect on the damping 
force. Damper B, which used a gravity-feed fluid-supply system, was 
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tested with silicone fluid having a viscosity of 50 and 100 centistokes 
at 77° F. The curves presented in figure 10 show that the variation of 
damping force of this damper with maximum piston velocity is approximately 
linear. Comparison of the curves for the 100-centistoke silicone fluid 
and the 50-centistoke silicone fluid indicates that the measured damping 
force is not quite doubled. This characteristic would indicate either a 
change of the flow within the damper or a change in the apparent viscosity 
of the fluid. 

The shear dampers tested employed silicone fluids having viscosities 
of 3,000, 20,000/ and 70,000 centistokes at 77° F. High-viscosity sili- 
cone fluids exhibit the property of pseudoplastic flow; that is, the 
fluid is essentially non-Newtonian (the dynamic viscosity decreases as 
the shear rate is increased) in behavior at high shear rates. The appar- 
ent change in viscosity with shear rate can be seen in figure 20, which 
data are taken from reference 4. Judging from the change shown, as the 
shear rate increases, the damping force measured would vary approximately 
as the square root of the velocity because of the existence of thixotropy 
(a gel becoming a fluid when shaken) . Such a trend was exhibited by all 
of the viscous shear dampers at the high shear rates. 

The general characteristics of the viscous shear damper F-l measured 
for viscosities of 20,000 and 70,000 centistokes are shown in figure 11. 
Because of the uncertainty of the clearance between the piston rod and 
the neoprene tubing throughout the length of the damper, the shear rate 
can only be estimated. A conservative estimate would encompass shear 
rates (piston velocity divided by the clearance) in excess of 100 recip- 
rocal seconds. The shear rates are, however, within the non-Newtonian 
behavior range of the fluid for all maximum piston velocities except 
extremely low values of 0.1 or 0.2 inch per second or lower. 

In order to determine the clearance between the shearing areas more 
readily, an all-metal shear damper J was tested, and these results are 
shown in figure 12. The shear rate for a maximum piston velocity of 
1 inch per second is 1,000 seconds"-*-, which is well within the non- 
Newtonian range for the 70,000-centistoke silicone fluid used in the 
damper- As shown in figure 20, which is taken from reference 4, the 
apparent viscosity of the 70,000-centistoke silicone fluid is approxi- 
mately 25,000 centistokes for a shear rate of 1,000 seconds" 1 . For a 
piston velocity of 10 inches per second the apparent viscosity of the 
fluid is one-tenth of the initial viscosity or 7,000 centistokes. 

In order to determine whether any marked change in the general 
characteristic of a viscous-shear damper would result from a reduc- 
tion of the piston-rod diameter and a corresponding subsequent reduction 
in shear rate for the same piston-rod velocity, damper F-2 was tested, 
and the results are compared with those of damper F-l in figure 13- The 
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magnitude of the data was altered hut the characteristic shape of the 
curve remained the same . 

Damper H was tested to determine whether the general characteristics 
of a viscous-shear damper would change from the characteristics shown by 
damper F-l when the sections of neoprene tubing were divided and fluid 
was placed between them. The results are shown in figure 14. Again there 
was a change in magnitude, as would be expected, due to an increase in 
piston-rod diameter to 0.185 inch but the general characteristics of the 
curve remained the same . 

Damper geometry .- Tests were performed on three dampers that incor- 
porated provisions in their design allowing variation of the geometry 
which would result in a variation of the damping force. Damper D 
(fig. 1(e)), a refinement of the double -chamber type of damper, contains 
provisions for variation of the area of the slot between the primary and 
secondary chambers . Figure 15 presents the variation of damping force 
that can be obtained by varying the slot from maximum to minimum opening. 
If the area of the slot is maintained at some intermediate value as the 
velocity is increased, the damping-force curve will maintain approxi- 
mately the same shape as those for the limiting values shown in this 
figure . This damper produced no spring force for the range of amplitude 
and frequency of the tests. 

Another variable-geometry damper investigated was damper E but, 
unlike other dampers used in this investigation, the damping force and 
spring force produced by damper E were dependent upon both the frequency 
and amplitude of the oscillation and not on the piston velocity alone, 
as is shown in figure 16 for the condition with the bypass valve partly 
closed. Inasmuch as a force of 0.85 pound is required to move the piston 
because of the piston-rod "0" ring seal, the curves should originate from 
this value of force at zero piston velocity. The force required to move 
the piston once the motion is started was found to be less than this 
breakout force, as can be seen from the figure. 

The characteristics of damper E were studied, as follows: First, 

the damper was tested at three different amplitudes with partial con- 
striction in the bypass tube obtained by positioning a screw mounted so 
as to enter the tube at right angles. The results of these tests are 
given in figure l6, where the curves indicate approximately linear 
damping- and spring -force characteristics. The results also indicate 
that at a given velocity, the damper forces are proportional to the dis- 
placement and that this damper is characterized by large spring forces. 

Subsequent to the aforementioned tests, tests were made at a con- 
stant amplitude of 0.125 inch to determine the effects of variations of 
the constrictions in the bypass tube. The constrictions were varied 
both by adjusting the screw entering the bypass tube and by inserting 
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rods of different diameter in the bypass tube. The results of these 
studies are given in figures 17 and 18. Figure 18 shows that constric- 
tions of the area of the bypass tube of the order of 25 percent or less 
had little effect on the damping force. A similar result was also 
observed when the area was varied by adjusting the screw. 

The possible range of damping available by using compression rings 
(washers) to compress the length and thus increase the diameter of a 
neoprene piston of a viscous-shear damper is presented for damper G in 
figure 19. As compression is increased by adding these spacers, the 
damping obtained will vary from viscous damping with little friction 
damping to pure friction damping. The upper limit presented, which was 
considered mostly friction damping, resulted from compressing the piston 
length 0.08 inch. This amount of compression increased the unrestricted 
piston diameter of 0.515 inch. The inside diameter of the cylinder was 
0.515 inch. 

Of interest is a comparison of the results of measured damping 
force of dampers A-l and A-2 presented in figures 7 and 9« These dampers 
differ only in the shape of the piston. The cylindrical piston of 
damper A-l (fig. l(a)) was modified to the shape shown in figure l(b) and 
designated damper A-2. The modification resulted in a marked reduction 
in damping force, and the damping force became an approximately linear 
function of velocity. Also of interest is the elimination of the spring 
force . 


Effects of Temperature 

The effect of temperature on the damping force was investigated to 
determine the manner and extent to which the general characteristics of 
the dampers are affected. The variation of the viscosity with tempera- 
ture for the fluids used in the dampers of this investigation is shown 
in figure 21, which has been prepared in conformity with the standards 
of the American Society for Testing Materials. 

Inasmuch as approximately 10 seconds elapsed before the force values 
obtained with the mechanical damper-test devices could be read, a con- 
siderable reduction in the damping force could result at the higher pis- 
ton velocities by using the mechanical damper-test device. In order to 
investigate the effect of temperature on the damping force, the 10-second 
time lapse prior to reading the force had to be avoided. This was accom- 
plished by recording the output of the load cell directly on an oscil- 
lograph recorder. Since the load cell measures the total damping force, 
a damper similar to damper A-2, which develops very little spring force 
was used. Figure 22 illustrates the change in damping force with time 
caused by the conversion of work into heat, which thus reduces the appar- 
ent viscosity of the fluid. A substantial reduction of the damping force 
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occurs during the initial 30 seconds of operation but as the heat gener- 
ated becomes equal to that dissipated, the damping force also reaches a 
constant level. Since the thermocouple is located on the exterior of 
the damper chamber, the actual temperature in the chamber probably sta- 
bilizes sooner than shown. Two amplitudes are shown for the same fre- 
quency and the resultant differences in rate of heating and loss of 
damping force can be seen. 

The results obtained on the mechanical damper-test device, shown in 
figures 7 to 19 , were obtained approximately 10 seconds after the initial 
forced oscillation. Therefore the damping force measured at the higher 
piston velocities is somewhat lower than the initial force output. For 
the range of amplitudes and frequencies used during the damper tests, 
it was determined that the characteristic trends of the force-velocity 
curves are not altered by temperature . 

The effect of temperature on small model dampers requires considera- 
tion of the application of the damper in the determination of the damping 
force. If the damper is to be used in a model control system to prevent 
flutter, the initial damping force would probably be of primary concern. 
If the application of the damper requires continuous operation, as in 
the case of a helicopter drag damper, the value of the force after the 
temperature stabilizes would probably be appropriate. 


The damping force for a damper similar to damper A-2 was calculated 
by using the formula 


which is derived in the appendix B. In this equation, is the 

damping force, Vp is the piston velocity, p. is the absolute viscosity, 

l is the length of the piston, r the radius of the piston, and c the 
clearance between piston and cylinder. This method considered the dis- 
placement of fluid only and is used to obtain an approximate value of the 
damping force. Figure 23 compares the results for a damper similar to 
damper A-2 obtained on the beam damper -test device (fig. 5) with calcu- 
lated values. The calculated values are somewhat higher than the meas- 
ured values, as would be expected, because consideration has not been 
given to the fluid volume lost in passing the piston rod, in addition 
to the fact that the flow is assumed to be ideal. 

Inasmuch as the damping-force values presented in figure 23 were 
measured by the beam method, it is also assumed that the viscosity of 


Comparison With Theory 



(3) 


14 


NACA TN 4257 


the fluid was not affected by temperature; however, the possibility 
exists that a small area such as that around the piston may generate 
temperatures affecting the viscosity and flow of the fluid in that area. 

The calculations for viscous-shear damper J shown in figure 24 were 
made by using the formula 


^ - »&) <*> 

p 

Where A is the shear area and where the absolute viscosity is corrected 
to consider the non-Newtonian characteristics of the fluid presented in 
figure 20. The calculated values of the damping force are much greater 
than those measured on the mechanical damper-test device as indicated by 
the top dashed curve of figure 24. However, if consideration is given 
to the decrease in viscosity due to the temperature generated, as indi- 
cated by the curves of figure 21, fair agreement can be expected as 
shown by the lower dashed curve of figure 24. The points on the lower 
curve were calculated on the assumption that all heat generated by the 
damper, in the 10-second interval required before a reading was obtained, 
remained in the fluid. This assumption is not valid when the temperature 
gradient increases with high shear rates, as indicated by the reduction 
of the calculated forces at the higher velocities, and hence it appears 
that the heat transferred to the damper body must be considered in deter- 
mining the temperatures and viscosity of the fluid. 


CONCLUDING REMARKS 


Results are presented for a number of different designs of small 
fluid-displacement or viscous-shear dampers suitable for dynamic model 
application and the characteristic behavior of the damping forces are 
shown as a function of damper velocities. The damping-force — velocity 
relationships were found to exhibit three general trends as follows: 

(a) the damping force varies approximately linearly with velocity; 

(b) the damping force varies approximately as the velocity squared; and 

(c) the damping force varies approximately as the square root of the 
velocity. 

The damping force and spring force measured for all dampers except 
one were independent of frequency and amplitude except for the effect of 
frequency and amplitude in determining the maximum piston velocity through- 
out the range of the tests . 
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As a result of the non-Newtonian characteristic of silicone fluids, 
the damping force of the viscous-shear dampers tested increases at a 
smaller rate as the shearing rate is increased. 

The heat generated by a small viscous damper has a great effect on 
the damping force produced. Consideration must be given to the applica- 
tion of the damper and the effect of temperature to obtain the damping 
force required. 

A simplified calculation presented indicates that temperature effect 
must be considered in the determination of the damping force. Calculation 
of the damping force of a fluid-displacement damper requires consideration 
of the type of fluid flow in the damper, whether it be laminar or turbu- 
lent, and the amount of leakage of fluid past the piston shaft in addi- 
tion to the effect of temperature. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., March 5, 1958. 
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APPENDIX A 


MECHANICAL DAMPER -TEST -DEVICE INSTRUMENTATION 


The damper force is resolved into the component in phase with the 
damper displacement and the component in phase with the damper velocity 
by means of a resolver, by a technique similar to that described in 
reference 5* The resolver is a precision-wound transformer with two 
secondary windings on a rotor. These two windings are spaced at 90° on 
the rotor, so that as the rotor turns through an angle oyt, one winding 
multiplies the transformation ratio by cos(oyt), and the other winding 
multiplies it by sin(oyt) . Thus, if a carrier signal is applied to the 
primary of the resolver, as shown in the block diagram of figure 25, 
the output voltages from the secondary windings are 


The drive-motor shaft is coupled directly to the resolver rotor 
and also to the damper through an eccentric, which converts the rotary 
motion into a sinusoidal, translational motion. If the resolver stator 
is positioned relative to the rotor, the output voltages of the resolver 
may be adjusted accurately in phase with the damper velocity and damper 
position. These resolver output voltages are applied, one at a time, 
through an amplifier of gain K to the load-cell strain-gage bridge. 

The output of this bridge is proportional to the product of the damper 
force and the modulated carrier signal. 

The total force is 


The product of this quantity and the amplified carrier signal with the 
resolver switch in one position is equal to 


e c sin(o) c t) sin(a)t) 


e c sin(a)c't) cos(a>t) 


F(t) = F s sin(oyt) + F d cos(oot) 


This force appears on the strain -gage bridge as 



Ki[f s sin(oyt) + F^ cos (oyt)] K 2 [e c s in ( o> c t ) s in (oyt )] 


3Q 
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or 


K l K 2 e c s in(cD c t) |f s sin 2 (cnt) + F d sin(cnt) cos(cut)] 
and with the resolver switch in the other position 

Ki[f s sin(cnt) + F d cos (cot )J K 2 [^e c sin(cu c t) cos(cot)J 


or 


K x K 2 e c sin(cu c t) F g sin (cut) cos(cut) + F d cos 2 (<nt)J 

These -unbalance outputs are again amplified and passed through a 

phase-sensitive demodulator, which merely removes the carrier frequency 
(cd c ) . The result is then read on an averaging meter. Since 


1 r T 

lim — / sin(cut) cos(cut)dt = 0 

T -» oo 1 J o 


and 



the voltage read on the averaging meter with the switch in one position 
is 


2 K 1 K 2K 5 F s 

or with the switch in the other position 

| K lK2 K 5 F d 

The constants K d , K 2 , and Kj may be evaluated statically from a 
calibration. Thus, the real or spring-force component F s and the 
imaginary or damping-force component F d of the total force may be 
read directly. 
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One of the merits of this technique is that higher harmonics (or 
noise) have a small effect on the results, since 


if F(t) has no component which is correlated with sin(oyt) . 

At very low operating frequencies of the drive system, the averaging 
meter used has a tendency to follow the alternating-voltage component 
unless the meter is excessively damped. Therefore, the instrumentation 
prohibits testing of dampers at frequencies below about 1.5 cps. 


lim 

T 00 v 



sin(oyt) sin(nt)dt = 0 


as long as n ^ o> and thus 


lim i 
, T 
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APPENDIX B 


CALCULATION OF DAMPING FORCE 


A simplified method of determining the damping force that can he 
used for a damper which obtains the damping force due to fluid displaced 
rather than to the shearing of the fluid is presented as a possible 
guide to use in designing a fluid-displacement damper. For the present 
purpose, consider the configuration shown in the following sketch: 




Enlarged view of dotted area 


The velocity gradient between the piston and cylinder shown in this 
sketch can be written as 


dv _ Ap(h - y) 
dy |il 

Integrating this expression gives the velocity, as follows: 



The total volume of flow is 


V = 2nr 



v dy 


Integrating and writing in terms of the clearance gives 
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The total volume displaced in terms of the velocity of the piston is 

v d = v p ItI ' 2 


and 


v = i sH 
•P 6 [ll T 

The ratio of the force to piston velocity is therefore 
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I.D., .314 

.0002 clearance 


7 

O.D., .125 rod 

.25 ♦] (• .25 ■* 

1.25 ► 

(a) Damper A-l. 



(b) Damper A-2. 

Figure 1.- Fluid-displacement dampers. (All dimensions in inches.) 
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( c ) Damper B . 



Figure 1.- Continued. 
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( f ) Damper E . 
Figure 1.- Concluded. 
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Damper 

Rod diam. 

F - 1 
F-2 

.180 

.178 


(a) Damper F. 



I . D. , .313 hole 


Spacers 

Neoprene 

Neoprene 

O.D. 

length 

0 

.305 

1.40 

All 

.315 

1.32 


(b) Damper G. 

Figure 2.- Viscous-shear dampers. (All dimensions in inches.) 
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(c) Damper H. 


r 

O.D.,.50 

L 



(d) Damper J. 


Figure 2.- Concluded. 



Figure 3*- Mechanical damper -test device. 


L- 57-1414.1 
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Figure 4.- Drive system of mechanical damper-test device. 
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Figure 5 .- Beam damper -test device. L-57-l4l5.1 
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Figure 6.- Comparison of damping force as a function of maximum piston velocity for a fluid- 
displacement of damper similar to damper A -2 as measured by mechanical damper-test device 
and by load cell and strain gage of beam damper-test device. Fluid viscosity, 300 Saybolt 
Universal seconds . 
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Figure 7 .- Damping and spring force as a function of maximum piston velocity for fluid- 
displacement damper A-2 at various piston amplitudes. Fluid viscosity , 300 Saybolt 
Universal seconds. 
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Figure 8.- Damping and spring force as a function of maximum piston velocity for fluid- 

displacement damper C at various piston amplitudes. Fluid viscosity, 300 Saybolt Universal 
seconds. 
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Figure 9.- Damping and spring force as a function of maximum piston 
velocity for fluid-displacement damper A-l at various piston ampli- 
tudes. Fluid viscosity, 500 Saybolt Universal seconds. 
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Figure 10.- Damping and spring force as a function of maximum piston velocity for fluid- 
displacement damper B at various piston amplitudes. Fluid viscosities, 50 and 100 
centistokes. 
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Figure 11.- Damping and spring force as a function of maximum piston velocity for viscous- 
shear damper F-l at various piston amplitudes. Fluid viscosities, 20,000 and 70,000 
cent i stokes. 
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Figure 12.- Damping and spring force as a function of maximum piston velocity for viscous- 
shear damper J at various piston amplitudes. Fluid viscosity, 70,000 centistokes. 
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Figure 13.- Damping and spring force as a function of maximum piston velocity for viscous- 
shear dampers F-l, taken from figure 11, and F-2 at various piston amplitudes. Fluid vis- 
cosity, 70,000 centistokes. 
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Figure lk.- Damping and spring force as a function of maximum piston velocity for viscous- 
shear damper H at various piston amplitudes. Fluid viscosity, 70*000 centistokes. 
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Figure 15 - Range of damping -force values obtainable with fluid-displacement damper D for maxi 
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Figure l6.- Damping and spring force as a function of maximum piston 
velocity for fluid-displacement damper E with bypass valve partially 
closed at various piston amplitudes. Fluid viscosity, 300 Saybolt 
Universal seconds. 
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Figure 17.- Range of damping-force values obtainable with damper E with bypass-valve positions 
ranging from closed to fully open as a function of maximum piston velocity for an amplitude 
of ±0.123 inch. Fluid viscosity, 300 Saybolt Universal seconds. 
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Figure 18.- Range of damping-force values obtainable vith fluid- 

displacement damper E using rods of various diameter in bypass tube 
as a function of maximum piston velocity for ± 0 . 123 -inch amplitude. 
Fluid viscosity, 300 Saybolt Universal seconds. 
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Figure 19- - Range of damping force obtainable with viscous-shear damper G in compressed and 

free condition as a function of maximum piston velocity. Fluid viscosity, 3,000 centistokes. v* 
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Figure 20.- Variation of apparent viscosity with shear rate for several 
silicone fluids. (From Industrial and Engineering Chemistry, 
vol. 42, page 2,457> December 1950- Copyright 1950 by the American 
Chemical Society and printed by permission of the copyright owners.) 
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20 000 000 - 
10000 000 - 
5000 000 - 

2000 000 - 
1 000 000 - 
500000 - 

200 000 - 
100 000 - 
50 000 - 

20000 - 
10000 - 
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4 000 - 
3000 - 

2000 - 
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TEMPERATURE. DEGREES FAHRENHEIT 



Figure 21.- American Society for Testing Materials standard viscosity- 
temper ature charts for damper fluids employed. 
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Figure 22.- Variation of damping force and damper temperature with time of a fluid-displacement 
damper similar to damper A-2 at two piston amplitudes as measured by the damper-test device 
at a rotational frequency of 25 cps. Fluid viscosity, 500 Saybolt Universal seconds. 
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Figure 25 .- Comparison of measured and calculated damping force of a fluid-displacement damper 

similar to damper A -2. 
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Figure 24.- Comparison of measured and calculated damping force of 

viscous-shear damper J. 
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Figure 25 •- Block diagram of instrumentation used with the mechanical damper-test device. 
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